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(57) ABSTRACT

The present invention comprising: a first local oscillator for
generating a first frequency; a second local oscillator for
generating a second frequency; phase-difference setting
means for setting a first phase difference between a transmis-
sion signal and an output of the aforementioned first local
oscillator; phase-difference detection means for detecting a
second phase difference which is the phase difference
between a reception signal and an output of the aforemen-
tioned second local oscillator, and calculation means for cal-
culating a distance to a communication counterpart from a
third phase difference and a fourth phase difference which are
notified by the communication counterpart, and from the
aforementioned first phase difference and second phase dif-
ference, wherein the third phase difference is set to the second
frequency by the communication counterpart, and the fourth
phase difference is set to the first frequency by the commu-
nication counterpart.
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MULTIBAND TRANSCEIVER AND
POSITIONING SYSTEM USING THE
TRANSCEIVER

TECHNICAL FIELD

[0001] The present invention relates to a multiband trans-
ceiver having a distance measurement function and a distance
measurement system utilizing the transceiver.

BACKGROUND ART

[0002] So far, various positioning systems have been pro-
posed. FIG. 1 shows a comparison of various kinds of posi-
tioning systems with the ordinate as positioning accuracy and
the abscissa as the spacing between equipment required for
positioning.

[0003] Positioning systems typified by GPS (Global Posi-
tioning System) perform time synchronization by using an
accurate clock such as an atomic clock and measure the
difference in arrival times of radio waves to realize position-
ing. Problems with a positioning system utilizing an atomic
clock, such as GPS, include: high equipment cost due to the
usage of an atomic clock: difficulty in underground usage
because of the necessity of synchronization with the atomic
clock on the satellite; large power consumption in high accu-
racy positioning and positioning without the aid of base sta-
tions; and others.

[0004] In positioning systems based on RFID (Radio-Fre-
quency Identification) tags and PHS (Personal Handy-phone
System), radio wave intensity is used for positioning. In such
a technique, the position of a subject is determined assuming
that the subject is present near one of the installed RFIDs and
base stations from which the subject can receive the strongest
radio wave. Moreover, an approximate distance is determined
from the intensity of arriving radio wave. A problem of this
technique is that since positioning accuracy becomes
approximately the same as that of the base station installation
spacing between the positioning equipment, many pieces of
positioning equipment need to be provided thereby leading to
high deployment cost.

[0005] Insystems utilizing a wide bandwidth such as wire-
less LAN (Local Area Network) and UWB (Ultra-Wide
Band), positioning is performed by comparing the difference
in arrival time between the radio waves from a target radio
station to be measured and a reference radio station. In this
respect, wideband communication with sharp time changes is
suitable for timing measurement. A problem with a position-
ing system utilizing a wide bandwidth is that a larger band-
width generally results in larger reception power, and that
since the accuracy is determined by the inverse of the band-
width, use of wireless LAN does not provide enough band-
width thereby resulting in poor accuracy.

[0006] Although impulse-UWB, whereby a high accuracy
can be expected, can suppress transmission power to a very
low level, it requires larger reception power and therefore is
not suitable for systems which are driven by a battery for long
hours. In order to cover such deficiency, a technique is envi-
sioned in which a UWB for the transmission to a base station
is combined with another technique for the reception from a
base station. However, in a UWB which utilizes a wide band-
width, power output needs to be suppressed to a low level to
avoid interference with other radio waves, and therefore an
arrival distance of about 10 m is assumed in UWB standards
typified by IEEE 802.15.4a. Therefore, when only the com-
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munication from the target radio station for measurement to a
base station is performed by UWB, the range within which
positioning is possible becomes necessarily about 10 meters.

[0007] Besides the aforementioned positioning systems,
there is a technique in which the difference in arrival time
between a sound wave and a radio wave is used to perform
distance measurement. Problems with this technique are that
only sound waves may be interrupted, and that a microphone
and a speaker are separately needed.

[0008] Other than those techniques shown in FIG. 1, there
are a laser interferometer which utilizes a reflected wave to
perform distance measurement in units of um, and a radar
which utilizes a reflected wave and a wide bandwidth to
perform distance measurement. The problems with the use of
reflected waves are that large power for transmission and high
sensitivity for reception are required, and that since a circu-
lator or the like is required to separate transmission and recep-
tion, the size of housing will become large.

[0009] Among those, a system which performs distance
measurement without using an atomic clock, a base station
synchronized with an atomic clock, a reflected wave, a sound
wave, and a wideband communication is proposed in Patent
Document 1 (Japanese Patent Laid-Open No. 11-178038).

[0010] FIG. 2 is a block diagram to show the configuration
of the positioning-capable mobile communication system
according to Patent Document 1.

[0011] An audible sound signal or data signal, which is a
positioning signal, is transmitted from positioning signal
originating section 811 of positioning apparatus 801 to the
speech channel of mobile radio terminal apparatus 804. Next,
the positioning signal transmitted from positioning apparatus
801 is turned back by turn-back means of speech section 843
of mobile radio terminal 804 and is returned to phase detec-
tion section 812 of aforementioned positioning apparatus
801. Eventually, phase detection section 812 compares the
phases of the received turn-back signal and the source posi-
tioning signal of positioning signal originating section 811 to
measure a delayed phase, and notifies the measurement result
to calculation process section 814. Calculation process sec-
tion 814 calculates a space propagation distance between
radio base station 803 and mobile radio terminal apparatus
804 from the delayed phase.

[0012] Patent Document 1 neither specifically describes the
turn-back means, nor the method of calculating distance from
phase. Although the description is made assuming a PHS
system, the space wavelength of the PHS frequency (1900
MHz band) is about 16 cm meaning that the same phase will
be acquired for about every 8 cm even if turning back is
performed by a certain technique, and therefore positioning
cannot be practiced without specific description of the
method of distance calculation. Moreover, since description
is made based on the assumption of a PHS system which is
essentially based on TDMA-TDD (Time Division Multiple
Access/Time Division Duplex), it is not even clear whether
transmission and reception are performed concurrently or
not.

[0013] Now, suppose transmission and reception are per-
formed concurrently, and turning back is realized by a certain
technique, it is inferred after the analogy of a CW radar
system that transmission/reception separation means based
on a circulator is utilized in transmission/reception sections
831 and 841. Since the circulator used herein is of a large size,
it is not suitable for small terminals.
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[0014] Further, in the distance calculation by the mobile
communication system of Patent Document 1, since each
mobile radio terminal apparatus will use a communication
control center, it is not possible for each mobile radio terminal
apparatus to directly measure the distance to another mobile
radio terminal apparatus.

[0015] FIG. 3 shows the positioning technique by the posi-
tioning-capable mobile communication system according to
Patent Document 2 (Japanese Patent Laid-Open No. 2006-
42201).

[0016] InPatent Document 2, the configuration is such that
two carrier waves are transmitted from the transmission side
and the phase difference between them is measured at the
reception side to perform distance measurement. It is noted
here that since the phase difference is generated from the
frequency difference, a long wavelength (difference) can be
employed unlike Patent Document 1.

[0017] Hereafter, explanation will be made according to the
description in paragraphs 52 to 72 of Patent Document 2.
[0018] In FIG. 3, the ordinate shows the amplitudes of the
first and second carrier waves and the abscissa shows dis-
tance. Symbol R represents the distance from a mobile ter-
minal of transmission side to a mobile terminal of reception
side. At the mobile terminal of transmission side, the first and
second carrier waves are synchronized. Therefore, the phases
of the first and second carrier waves are in agreement with
each other at the mobile terminal of transmission side. A¢p
indicates the phase difference between the first and second
carrier waves at the mobile terminal of reception side, where
—-T=AG=m.

[0019] Hereafter, a method of calculating distance R from a
mobile terminal of transmission side to a mobile terminal of
reception side, based on phase difference A¢ between the first
and second carrier waves will be described.

[0020] Suppose the velocity of radio wave is ¢, the wave-
length of the carrier wave is A, the frequency of the carrier
wave is f, and the period of carrier wave is T, the following
equation holds:

e=NT=hf (1)
[0021] From above equation (1), the angular frequency w
of the carrier wave is given as follows.

0=2m/T=2nf ()]
[0022] Distance R is represented by phase as 2nR/A [rad)].

[0023] From above equation (1), phase is represented as the
following equation:

2aR/M=2nRflc 3)

Here, the first and second carrier waves at the mobile terminal
of transmission side are represented by equations (4) and (5):

wiT=sin(2mf11+¢1) @
w2T=sin(2mf21+¢2) )]
[0024] In above equations (4) and (5), w1T and w2T are

respectively the amplitudes of the first and second carrier
waves at the mobile terminal of transmission side, t is time,
and ¢1 and ¢2 are respectively the phases of the first and
second carrier waves at the mobile terminal of transmission
side.

[0025] From above equations (3), (4) and (5), the first and
second carrier waves at the mobile terminal of reception side
can be represented respectively by equations (6) and (7):

wlR=sin(2mf1-2nRf1/c+$l) (6)

w2R=sin(2nf2t-2nRf2/c+$2) (7
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[0026] In above equations (6) and (7), wlR and w2R are
respectively the amplitudes of the first and second carrier
waves and t is time, at the mobile terminal of reception side.
[0027] At transmitter 1, the first and second carrier waves
are synchronized and therefore ¢1=¢2.

[0028] Therefore, from above equations (6) and (7), phase
difference A¢ between the first and second carrier waves at the
mobile terminal of reception side are given as follows:

AQ=2R/c(fL~f2)=2mR/c-Af (8)

[0029] In above equation (8), Af is the difference between
first frequency 11 and second frequency f2. The above equa-
tion (8) may be modified into the following equation:

R=(c/2m) (AY/AF=(cAQ) 2mAf (- = AP=m) ©)

[0030] Here, suppose acase in which difference M between
first frequency f1 and second frequency {2 is set to be 1.0
MHz. In this case, when phase difference A¢ becomes m,
distance R is calculated from above equation (9) as follows:

R=(3.0x108x0)/(271x1.0x 106)=1 50[m]

[0031] Whatisdescribed so far is the explanation described
in Patent Document 2. Here, a problem with the technique of
Patent Document 2 lies in equation (8). Since phase differ-
ence A¢ of the carrier waves at the mobile terminal of recep-
tion side, which is obtained by subtracting the coefficient of
the sine term in equation (7) from the coefficient of the sine
term in equation (6), must be

AQ=2m(R/c—1)(A1~f2) (10)

and therefore A¢ will change in time, distance cannot be
calculated without time information (time at the moment
when ¢1=¢2 is satisfied at the transmission side) and there-
fore, in fact, the technique disclosed in Patent Document 2
cannot be practiced without time information.

[0032] Moreover, when a case is assumed in which the
aforementioned technique can be practiced, two different
frequencies are supposed to be transmitted concurrently.
When two different frequencies are transmitted concurrently,
the peak power will be twice as large as the average power.
Since the transmission/reception system is designed in accor-
dance with the peak power, when the difference between the
average power and the peak power increases, power con-
sumption for the same transmission power will increase. This
is also true with wideband modulation schemes such as
CDMA and OFDM.

Patent Document 1: Japanese Patent Laid-Open No.
11-178038

Patent Document 2: Japanese Patent Laid-Open No. 2006-
42201

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0033] It is an object of the present invention to provide a
system for performing distance measurement, which is
implementable without using any of an atomic clock, a base
station synchronized with an atomic clock, a reflected wave,
a sound wave, or a wideband communication.

[0034] Patent Documents 1 and 2, which have been pro-
posedto achieve the same object, are difficultto implement as
described above. The reasons are that there is no specific
description on the turn-back means and the distance calcula-
tion method in the case of Patent Document 1, and that the
phase difference of the carrier waves of two frequencies will
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change in time and therefore distance cannot be calculated
without time information in the case of Patent Document 2.

[0035] Further, even if implementation is possible, Patent
Document 1 has a problem that it is not suitable for size
reduction. That is because a circulator is necessary for trans-
mission/reception separation. The reason is that transmis-
sion/reception separation is not possible when transmission/
reception frequencies are the same. If separate frequencies for
transmission/reception are used, it will still be impossible to
calculate distance without time information as with Patent
Document 2. That is because the phase difference between
two carrier waves of different frequencies will have changed
in time.

[0036] When it is supposed that Patent Document 2 can be
implemented, or when another wideband modulation scheme
is used as well, a problem arises in that power consumption
for the same transmission power increases. This is because
the difference between the average power and the peak power
generally increases in wideband modulation.

[0037] It is an object of the present invention to realize a
multiband transceiver including a distance measurement
function and by using the same, to provide a positioning
system which is implementable at low cost without using an
atomic clock, a base station synchronized with an atomic
clock, a reflected wave, a sound wave or a wideband commu-
nication.

Means for Solving the Problems

[0038] The multiband transceiver of the present invention
is a multiband transceiver including means of concurrently
performing transmission and reception using two or more
different frequencies, the multiband transceiver characterized
by comprising:

[0039] a first local oscillator for generating a first fre-
quency;

[0040] a second local oscillator for generating a second
frequency;

[0041] phase-difference setting means for setting a first
phase difference between a transmission signal and an output
of the aforementioned first local oscillator;

[0042] phase-difference detection means for detecting a
second phase difference which is the phase difference
between a reception signal and an output of the aforemen-
tioned second local oscillator; and

[0043] calculation means for calculating a distance to a
communication counterpart from a third phase difference and
a fourth phase difference which are notified by the commu-
nication counterpart, and from the aforementioned first phase
difference and second phase difference, wherein the third
phase difference is set to the second frequency by the com-
munication counterpart, and the fourth phase difference is
detected in the first frequency by the communication coun-
terpart.

[0044] The multiband transceiver according to another
exemplary embodiment is a multiband transceiver including
means of concurrently performing transmission and recep-
tion using two or more different frequencies, the multiband
transceiver characterized by comprising:

[0045] a first local oscillator for generating a first fre-
quency;

[0046] a second local oscillator for generating a second
frequency;

[0047] phase-difference detection means for detecting a
second phase difference which is the phase difference
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between a reception signal and an output of the aforemen-
tioned second local oscillator; and

[0048] phase-difference setting means for setting a phase
difference between a transmission signal and an output of the
aforementioned first local oscillator as a first phase differ-
ence, wherein assuming that the ratio of the aforementioned
first frequency and second frequency is 1 to m, the phase
difference is a value resulting from multiplying the aforemen-
tioned second phase difference by m, or a value resulting from
adding a constant to the result of the multiplication by m.
[0049] The multiband transceiver according to a further
exemplary embodiment is a multiband transceiver including
means of concurrently performing transmission and recep-
tion using two or more different frequencies, the multiband
transceiver characterized by comprising:

[0050] a first local oscillator for generating a first fre-
quency;

[0051] a second local oscillator for generating a second
frequency;

[0052] phase-difference detection means for detecting a
first phase difference which is the phase difference between a
reception signal and an output of the aforementioned second
local oscillator;

[0053] phase-difference setting means for setting a second
phase difference between a transmission signal and an output
of the aforementioned first local oscillator; and

[0054] calculation means which, from a signal from the
multiband transceiver according to another exemplary
embodiment described above as a communication counter-
part, determines a third phase difference which is set to a
second frequency by the communication counterpart and a
fourth phase difference which is set to a first frequency by the
communication counterpart, and calculates the distance to the
communication counterpart from the aforementioned first
phase difference or second phase difference.

[0055] The multiband transceiver according to a further
exemplary embodiment is a multiband transceiver including
means of concurrently performing transmission and recep-
tion using two or more different frequencies, the multiband
transceiver characterized by comprising:

[0056] a first local oscillator for generating a first fre-
quency;

[0057] a second local oscillator for generating a second
frequency;

[0058] firstphase-difference setting means for setting a first
phase difference between a reception signal and the afore-
mentioned first frequency;

[0059] second phase-difference setting means for setting a
second phase difference between a reception signal and the
aforementioned second frequency; and

[0060] notification means for notifying the aforementioned
first phase difference and second phase difference to a com-
munication counterpart.

[0061] Inthe multiband transceiver of the present invention
configured as described above, the distance to a communica-
tion counterpart is calculated by determining a phase differ-
ence between a local oscillator used for transmission by the
communication counterpart and a local oscillator used for
transmission by the transceiver itself. Since it is possible to
determine its own position based on the communication result
with three or more multiband transceivers whose positions
are known, it becomes possible to make up a positioning
system.
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[0062] As so far described, according to the present inven-
tion, it is possible to perform distance measurement by means
of radio waves without using an atomic clock, a base station
synchronized with an atomic clock, a reflected wave, a sound
wave, or wideband communication.

BRIEF DESCRIPTION OF THE DRAWINGS

[0063] FIG. 1 shows a comparison of positioning systems;
[0064] FIG.2 is a block diagram to show the configuration
of a positioning-capable mobile communication system
described in Patent Document 1;

[0065] FIG. 3 shows a positioning technique by the posi-
tioning-capable mobile communication system described in
Patent Document 2 (Japanese Patent Laid-Open No. 2006-
42201);

[0066] FIG.4 shows an exemplary embodiment of the posi-
tioning sensor of the present invention;

[0067] FIG. 5 illustrates a first exemplary embodiment;
[0068] FIG. 6 illustrates the first exemplary embodiment;
[0069] FIG. 7 illustrates a second exemplary embodiment;
[0070] FIG. 8 illustrates the second exemplary embodi-
ment; and
[0071] FIG.9 illustrates examples of the present invention.
DESCRIPTION OF SYMBOLS
[0072] 100 MULTIBAND TRANSCEIVER
[0073] 101 HIGH-FREQUENCY AMPLIFIER
[0074] 102 ANTENNA
[0075] 103 ORTHOGONAL MODULATOR
[0076] 104 ORTHOGONAL DEMODULATOR
[0077] 105 BASEBAND TRANSMITTER
[0078] 106 BASEBAND RECEIVER
[0079] 107 CARRIER WAVE FREQUENCY GENERA-
TOR
BEST MODE FOR CARRYING OUT THE
INVENTION
[0080] Next, exemplary embodiments will be described

with reference to the drawings.

[0081] FIG. 4 illustrates the principle of the positioning
method according to the present invention. With reference to
FIG. 4, description will be made of a case in which position-
ing is performed by using a multiband transceiver which is
capable of phase modulation/demodulation like an orthogo-
nal modulator-demodulator.

[0082] Suppose the distance between transceiver TRX0 at
the left side in the figure and transceiver TRX1 at the right
side is L. Each transceiver includes an orthogonal modula-
tor-demodulator and transports phase information. When a
baseband signal of phase ¢, is transmitted from transceiver
TRXO, it is transported from the orthogonal modulator as a
signal with frequency f. Transceiver TRX1 receives this sig-
nal with frequency f,to acquire phase ¢, of the baseband
signal as the reception result.

[0083] Now, suppose the phase difference between the
local oscillator of transceiver TRX0 and the local oscillator of
transceiver TRX1 is A¢, reception phase ¢, is represented by
the following relational equation:

[Expression 1]

2 11
o5 =~ ap0 440 v
f
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[0084] On the other hand, transceiver TRX1 transmits a
baseband signal of phase ¢,,. The signal is transported by an
orthogonal modulator as a signal with frequency f.. Here,
transmission/reception frequencies f, and {, of TRX1 are in
the relationship of f,=mx{, This reference character m indi-
cates a rational number having a positive value. Here, when m
is an integer or an integral fraction, especially a power of 2 or
fractional power of 2, the process to create both signals by a
frequency divider is easy to handle.

[0085] Since the phase difference between the local oscil-
lators is mxA¢ as well, reception phase ¢,, at transceiver
TRX0 is given as follows:

[Expression 2]

$ro=— +mAY(D) + ¢ny

27Lo; (12)
A

"

[0086] Determining A¢ from equation 11, substituting it
into equation 12, and then solving the equation for L, will
result in the following:

[Expression 3]

A (13)
Lo = E{@l =0 +m($ro— s}

Since transceiver TRXO0 is aware of ¢,, and ¢,, and trans-
ceiver TRX1 is aware of ¢, and ¢, respectively, it is possible
to determine L within a range of 0=L,,=Ar/2 (range of
0=¢<2m) by notifying the remaining two parameters to the
counterpart.

[0087] Now, suppose transmission phase ¢,., is ¢,,=mx¢,
the following holds:

[Expression 4]

A (14)
Lo = E(”Wﬁfo = $n0)

Thus, transceiver TRX0 can calculate distance L, only with
information possessed by itself. Further, for example, sup-
pose the transmission phase of transceiver TRX0 is 0, the
following relation will result:

[Expression 5]

A (15)
Ly = —54’5;0

[0088] Since the observation results of phase ¢, all fall in
the range of 0=¢,<2m, when measurement is done with two
waves, measurable distance L, is limited within a range
0=L,,<Ar/2. However, even when the value of L), is larger
than Ar/2, measurement is made possible by combining
results at a certain number of frequencies. Moreover, it is also
envisioned that the positioning apparatus of the present inven-
tion is used in combination with another positioning tech-
nique such as radio wave intensity to narrow the range of
0=L,,<Ar/2.
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First Exemplary Embodiment

[0089] FIG. 5 shows a first exemplary embodiment.

[0090] Two transceivers (TRX)0 and (TRX)1 respectively
include radio wave transmission block 05, 15, radio wave
reception block 07, 17, transmission phase-difference setting
block 04, 14, reception phase-difference detection block 06,
16, and two-frequency generation block 03, 13. Two-fre-
quency generation block 03 is made up of'local oscillators 01
and 12, and two-frequency generation block 13 is made up of
local oscillators 11 and 12.

[0091] Attwo-frequency generation block 03 oftransceiver
TRX0, local oscillator 01 and local oscillator 02 generate two
frequencies which are in a relationship of 1-to-m (m is a
rational number), and at two-frequency generation block 13
of transceiver TRX1, local oscillator 11 and local oscillator
12 generate two frequencies which are in a relationship of
1-to-m (m is a rational number).

[0092] Attransmission phase-difference setting block 04 of
transceiver TRX0, a phase difference between local oscillator
01 and transmission radio wave is set, and at transmission
phase-difference setting block 14 of transceiver TRX1, a
phase difference between local oscillator 12 and transmission
radio wave is set.

[0093] At reception phase-difference detection block 06 of
transceiver TRX0, a phase difference between the received
radio wave and local oscillator 02 is detected, and at reception
phase-difference detection block 16 of transceiver TRX1, a
phase difference between the received radio wave and local
oscillator 11 is detected.

[0094] Moreover, transceiver TRX0 or transceiver TRX1
has a function of calculating the phase difference between the
communication counterpart and its local oscillator from the
detected phase difference, or canceling the phase difference.

[0095] Further, in FIG. 5, although separate antennas for
transmission and reception are illustrated, needless to say, it is
possible to mix the transmission and reception by using an
antenna mixer or filter since their frequencies are different.
[0096] Moreover, similarly, the transmitter, the receiver,
the local oscillator, the antenna, and the like may be installed
respectively in two units for each two frequencies separately.
[0097] Further, each block in FIG. 5 can be constructed on
a computer system by software, and can also be implemented
by hardware alone. Moreover, they can be implemented by
combining hardware and software as well, and may be imple-
mented by any of those methods. FIG. 6 is a block diagram to
show the configuration of concrete examples of transceiver
TRX0 and transceiver TRX1 in FIG. 5.

[0098]
FIG. 6 have the same configuration and are made up of high-
frequency amplifier 101, antenna 102, orthogonal modulator
103, orthogonal demodulator 104, baseband transmitter 105,
and baseband transmitter 106. In FIG. 6, reference symbols
are given to each component only for transceiver TRX0, and
are omitted for transceiver TRX1.

[0099] Transmissionphase ¢, at transceiver TRX0 is trans-
formed into cos ¢, and sin ¢, by baseband transmitter 105.

Transceiver TRX0 and transceiver TRX1 shown in
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The transformed signal is multiplied by cos 2nf,t and —sin
2nif ot by orthogonal modulator 103 to obtain the following
result as the output of orthogonal modulator 103:

[Expression 6]

Vio = cos2n frot X cosd o — sin frof X sing ro (16)
= cos(2x frol + ¢ f0)

The output signal is amplified to an appropriate amplitude at
amplifier 101 and emitted from antenna 102.

[0100] The signal is received by antenna 102 of transceiver
TRX1 in time t,,, later, and is amplified to an appropriate
amplitude at amplifier 101, and is thereafter input into
orthogonal demodulator 104. Suppose the phase difference at
time t=0, between the local oscillator of frequency fg of
transceiver TRX0 and the local oscillator of frequency 1, of
transceiver TRX1, is ¢,, the signal is multiplied by cos
(2wt t+¢,) and —sin(2wl, t+¢,) at orthogonal demodulator
104, and the following:

[Expression 7]

Viip = cos2rfrit + ¢1) X cos(2m frolt — fo) + $ro) amn
1
= ECOS{Zﬂ(ffo = frt =1 = 2x frotor + $ro} +
1
ECOS{Zﬂ(ffo + frt+ @1 = 2% frotor + $ro}

[Expression 8]
Vf1Q = —Sin(Zﬂff1[+¢1)XCOS(2ﬂff0[+¢f0) (18)
1
= ESin{Zﬂ(ffo = frt—¢1 —2xfrotor + ot —

1
ESin{Zﬂ(ffo + i)t + 1 = 2% frolor + ¢ ol

are output as the output of orthogonal demodulator 104,
where, T, and {, are very close (ideally the same) frequencies.
The output of orthogonal demodulator 104 is output through
a lowpass filter (not shown). The lowpass filter is adapted to
cut off a frequency of f,+f,, and what is obtained as the
output of orthogonal demodulator 104 are as follows:

[Expression 9]

1 (19)
Vi = ECOS{—ZTffofm = Ad() + ¢ o}

[Expression 10]

1. 20)
Vig = ESIH{—Zﬂffofm = Ad(@) + o}
[0101] Here, the following is assumed:
[Expression 11]
APD)=0-2n(fo~f )t @1
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[0102] This corresponds to the phase difference between
the local oscillator of frequency fy, of transceiver TRX0 and
the local oscillator of frequency f, of transceiver TRX1 at
time t:

[0103] Therefore, reception phase ¢, obtained by base-
band receiver 105 of transceiver TRX1 is as follows.

[Expression 12]

n=—2folor A 2

[0104] Similarly, when performing transmission from
transceiver TRX1 to transceiver TRX0 using a frequency of a
multiple of a positive rational number m, by making substi-
tutions: f;‘O_>frls f}l%fros q)ﬂ)_>¢r15 q)ﬂ%q)ros Aq)%—mA(Ps
t,,—>t, 0, phase ¢, obtained by the baseband receiver of trans-
ceiver TRX0 can be derived as follows:

[Expression 13]

0= 290111 g+ MAP(D)+4,, (23)

[0105] Since, t,,, and t,,, are radio wave arrival times from
transceiver TRXO0 to transceiver TRX1 and from transceiver
TRX1 to transceiver TRX0 respectively, they are represented
by using radio wave velocity ¢ and arrival distance L, as
follows:

[Expression 14]

Loy 24

fop =10 = —
C

Determining A¢(t) from Equation 22, substituting it into
Equation 23, and solving the equation for L, by utilizing the
relation of Equation 24, one will obtain:

[Expression 15]

c @5

Loy = m{¢rl = ¢ +m(dso —¢f1)}

Since, mfy=f,~f,,, the following equation holds:

[Expression 16]

26)

Ly {1 — o + mlbro — $r1)}

C
' an gy

Therefore, provided each one of transceiver TRX0 and trans-
ceiver TRX1 can know the phase received by the other at
same time period, it becomes possible to measure the distance
to each other.

[0106] Here, regarding to the exactness of the expression
“at the same time period”, equations 22 and 23 include time
dependent terms. However, f, and f,, and T, and f,, are
ideally the same frequency, respectively. Even when an error
in the frequency reference between transceiver TRX0 and
transceiver TRX1 is taken into consideration, they are still
very close frequencies. Therefore, as is clear from Equation
21, it is possible to make the temporal change very small, and
time synchronization does not need to be performed with so
much accuracy.
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[0107] Here, for example, suppose transmission phase ¢,
of TRX1 is given as ¢,,=mx¢y, then:

[Expression 17]

¢ 27
O ) @n

is obtained, and transceiver TRX0 can calculate distance L,
only with the information that it possesses.

[0108] In the description so far, the amplitudes in each
equation have been omitted for simplicity.

[0109] Moreover, though a certain amount of phase rotation
etc. may take place in the transmission/reception circuit, it is
expected to be a fixed value within a constant error range due
to variations of production and temperature, and therefore it
can be subtracted during actual distance measurement.
(mPSK Modulation)

[0110] Here, as is clear from Equations 26 and 27, when m
is aninteger, there will be no effect on the distance calculation
even if transceiver TRXO shifts phase difference ¢, which is
to be set by itself, by 2mn/m.

[0111] For example, when m is 4, setting phase difference
b 10 be ¢ +27/m, § o+ 2x27/m, §4+3x27/m will not affect
the results of Equations 26 and 27. Therefore, the signal from
TRX0 to TRX1 can be mPSK (m value Phase-Shift Keying)
modulated.

(Range of m)

[0112] Moreover, as seen from Equations 26 and 27, the
accuracy of position detection depends on the accuracy of
phase detection, and is generally about several tenths. Since
multiplying the reception phase by m will result in that the
error also has been multiplied by m, the usable frequency
ratio of the two frequencies is generally not more than 100
times. However, since the accuracy of phase detection is
significantly affected by the signal-noise ratio of the recep-
tion signal as well, the accuracy of phase detection will be
reduced by a factor of 20 to 30 in a situation where there is
much noise, and in such a case, the usable frequency ratio of
two frequencies will be up to about 20 to 30 times.

(Turned Back Only when Reception Power is Sufficiently
Large)

[0113] A mechanism may be included whereby when trans-
mission phase ¢,, of transceiver TRX1 is turned back as
¢,,=mx¢,, transmission is stopped, or a predetermined sig-
nal is sent when a received signal has been buried in noise.

Second Exemplary Embodiment

[0114] FIG. 7 shows a second exemplary embodiment.
[0115] Suppose that the distance between transceiver
TRXO0 and transceiver TRX1 is L, the distance between
transceiver TRX0 and transceiver TRX2 is L,, and the dis-
tance between transceiver TRX1 and transceiver TRX2 is
L.

[0116] When a signal of phase ¢, and frequency f,is trans-
ported from transceiver TRX0, transceiver TRX2 receives the
signal of this frequency f-and obtains phase ¢,, of baseband
signal as a reception result. At the same time, when a signal of
phase ¢,, and frequency f, is transported from transceiver
TRX0, transceiver TRX2 receives the signal of this frequency
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f, and obtains phase ¢,, of baseband signal as a reception
result. Here, frequencies f, and f,are in the relationship of
f,=mxf,

[0117] Suppose the phase difference between the local
oscillator of frequency fof transceiver TRX0 and the local
oscillator of frequency f, of transceiver TRX1 is A¢,,, the
phase difference between the local oscillator of frequency f,
of transceiver TRX0 and the local oscillator of frequency f,0f
transceiver TRX2 is A¢,,, the phase difference between the
local oscillator of frequency f,of transceiver TRX1 and the
local oscillator of frequency f,of transceiver TRX2 is A A¢, .,
and the phase difference of the local oscillator of frequency f,
becomes m times, reception phases ¢, and ¢, , are represented
by the following relational equations:

[Expression 18]

2nLy (28)
$r2= _Tz = Adpy +dg0
f
[Expression 19]
2xL, @9
$n=-— 2 _ Az +
f
where, A¢, , is given as follows:
[Expression 20]
AP o=-Amo,+Amg, (30)

Since A¢,, corresponds to A¢ in Equation 11, by further
determining A¢,, from Equation 28 and substituting Equa-
tion 30 into Equation 29, the following relation will be
obtained:

[Expression 21]

A (€29)
L= ﬂ{@l — ¢ +mldrr— st + Loy — Lop

Since ¢,, and ¢, are known, transceiver TRX?2 can determine
Ly, within a range of 0=L,;<Ar/2 (range of 0=¢<2m) by
being notified of remaining parameters by TRX0 and TRX1.
[0118] Here, of course, L, and L,, may be determined by
using the technique of the first exemplary embodiment.
[0119] Further, in the case as shown in FIG. 8, if the posi-
tions of TRX0, TRX2, TRX3, and TRX4, which are not onthe
same plane, are known, it is possible to determine the three
dimensional position of TRX1 by using the technique of the
present exemplary embodiment. When TRX0, TRX1, TRX2,
and TRX3 are on the same plane, if the positions of TRX0,
TRX2, and TRX3, which are not on the same line, are known,
it is possible to determine the two dimensional position of
TRX1 by using the technique of the present exemplary
embodiment.

EXAMPLES
Example 1
[0120] FIG. 9 illustrates a first example of the present
invention.
[0121] FIG.9is acircuit diagram to show the configuration

of'an example of the multiband transceiver used in the present
invention.

Dec. 23, 2010

[0122] The present example is made up of phase-setting
device 601, phase calculator 617, cosine signal generator 603,
mixers 603, 604, 618 and 619, adder 605, high-frequency
amplifiers 606 and 620, reference signal source 608, fre-
quency dividers 609, 611 and 613, switches 610 and 621,
phase shifters 612 and 614, micro processor (MPU) 615,
bandpass filters 622 and 624, and antenna 623.

[0123] When the multiband transceiver shown in FIG. 9
acts as transceiver TRX0 in the first exemplary embodiment,
a phase in accordance with the signal indicating the phase
instructed by microprocessor (MPU) 615 is set at phase-
setting device 601. Cosine signal generator 602 and sine
signal generator 607 generate a cosine signal and a sine signal
in accordance with phases set at phase-setting device 601 and
output them to mixers 603 and 604 respectively.

[0124] The output of reference signal source 608 which
generates a reference signal of 54.24 MHz is passed through
frequency divider 609 for performing frequency-division by
2, switch 610, and frequency divider 611 for performing
frequency-division by 2, thereby is frequency-divided by 4 to
be 13.56 MHz, is applied to mixer 603, is further passed
through phase shifter 612 to be delayed by 90 degrees in
phase, and is applied to mixer 604.

[0125] Each output of mixers 603 and 604 is summed by
adder 605 and passed through high-frequency amplifier 606,
switch 621, and bandpass filter 621 to be sent out from
antenna 623.

[0126] Asdescribed above, the phase instructed from MPU
615 is transformed into a cosine signal and a sine signal and
transmitted as a phase difference from alocal oscillator. At the
transmission side, as described above, a frequency of 13.56
MHz, which is obtained by frequency-dividing a reference
signal source of 54.24 MHz by 4, is used for the local oscil-
lator. At the reception side, only frequency divider 613 for
performing frequency-division by 2 is used so that a fre-
quency of 27.12 MHz, which is obtained by frequency-divid-
ing 54.24 MHz by 2, is used as the frequency of local oscil-
lator.

[0127] Upon reception, a signal received by antenna 623 is
passed through bandpass filter 621 and switch 621 to be
applied to mixers 618 and 619. A frequency signal of 27.12
MHz, which has been frequency-divided by 2 by being passed
through switch 610 and frequency divider 613, is input into
mixer 618, and a frequency signal, which is delayed by 90
degrees in phase by further being passed through phase shifter
619, is input to mixer 619. Each mixer output is input to phase
calculator 617, and phase calculator 617 determines tan~" of
each signal to set the result in phase setting device 616. MPU
615 calculates distance from the phase which has been set in
phase setting device 616.

[0128] As described above, a first local oscillator is made
up of reference signal source 608 and frequency dividers 609
and 611, and a second local oscillator is made up of reference
signal source 608 and frequency divider 613. Further, a
phase-difference setting block is made up of mixers 603 and
604 and phase shifter 612, phase-difference detection block is
made up of mixers 618 and 619 and phase shifter 614, and
MPU 615 functions as a calculation block.

[0129] When the multiband transceiver shown in FIG. 9
acts as TRX1 in the first, exemplary embodiment, at the
reception side, a frequency of 13.56 MHz, which is obtained
by frequency-dividing 54.24 MHz by 4, is used as the fre-
quency of the local oscillator. MPU 615 judges the content to
be returned from the received signal. For example, when the
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intensity is not large enough, the reason for this is notified to
TRXO0, and the like. Further, a mechanism can be incorpo-
rated which limits the variation of transmission phase within
a short time to a value not more than a fixed value so that the
transmission bandwidth will not be expanded. Further, the
phases which are set at phase shifters 612 and 619 are notified
to transceiver TRX0 and transceiver TRX1 so that each of
them can know the phase received by the other at the same
time.

[0130] Here, the relation of f, and f, is 1:2. Since MPU
receives phases as binary numbers, when returning it as
$,1=2x¢,, it can be easily doubled by left shifting by one bit.
[0131] ~ To determine tan™', an algorithm called CORDIC is
often used. This calculation takes require a few clocks when
performed in a sequential circuit. If the frequencies of the
reference signal sources of TRX0 and TRX1 are shifted and
the difference thereof is constant, the phase difference to be
detected will vary at a constant rate. Here, when that variation
is fast and CORDIC calculation and transfer time at MPU are
not negligible, it is possible to reduce the effect of the calcu-
lation time by estimating the variation amount by the MPU
and adding it as a constant.

[0132] At TRXO, distance is calculated from the received
phase using the relation of Equation 27:

Example 2

[0133] It is possible to expand the measurement range by
increasing the frequency to be used. For example, from the
relation of Equation 27, since 13.56 MHz and 27.12 MHz are
used in Example 1 and the same result will be obtained for the
cases in which Ly, is 2.5 m and 8 m, it is not applicable to
distances exceeding 5.5 m. However, in such a case, further
using 40.68 MHz will result in that for 2.5 m, the same result
as for 6.18 m and 9.85 m is expected, and for 8 m, the same
result as for 0.65 m and 4.32 m is expected, as the result of
which it is possible to judge which is true.

[0134] Further, since as distance increases, the intensity of
the signal to be received and signal to noise ratio will decline,
it is needless to say that judgment can be made based on those
matters.

[0135] As seen from Equation 27 and these examples, fre-
quencies not more than 1 GHz at which measurable range by
two frequencies becomes not less than several tens of centi-
meters is suitable for position detection. Moreover, since
13.56 MHz, 27.12 MHz, and 40.68 MHz which are desig-
nated as ISM bands are frequencies in a relationship between
integral multiples, calculation is easy. Further, since the mea-
surement distance will be about several meters and accuracy
is from several centimeters to a few tens of centimeters, it is
also easy to use.

[0136] The present invention can be applied to applications
for position detection used in position information services
and the like.

[0137] So far, although the present invention has been
described with reference to exemplary embodiments and
examples, the present invention will not be limited to the
aforementioned exemplary embodiments and examples. The
configuration and details of the present invention are subject
to various modifications which are understandable to those
skilled in the art within the scope of the present invention.
[0138] This application claims preference based on Japa-
nese Patent Application No. 2007-042147 filed on Feb. 22,
2007, which is incorporated herein in its entirety by refer-
ence.
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1-15. (canceled)

16. A multiband transceiver including means of concur-
rently performing transmission and reception using two or
more different frequencies, the multiband transceiver charac-
terized by comprising:

a first local oscillator for generating a first frequency;

a second local oscillator for generating a second frequency;

phase-difference setting means for setting a first phase

difference between a transmission signal and an output
of said first local oscillator;

phase-difference detection means for detecting a second

phase difference which is the phase difference between
a reception signal and an output of said second local
oscillator; and

calculation means for calculating a distance to a commu-

nication counterpart from a third phase difference and a
fourth phase difference which are notified by the com-
munication counterpart, and from said first phase differ-
ence and said second phase difference, wherein said
third phase difference is set to the second frequency by
the communication counterpart, and said fourth phase
difference is detected in the first frequency by the com-
munication counterpart.

17. A multiband transceiver including means of concur-
rently performing transmission and reception using two or
more different frequencies, the multiband transceiver charac-
terized by comprising:

a first local oscillator for generating a first frequency;

a second local oscillator for generating a second frequency;

phase-difference detection means for detecting a second

phase difference which is the phase difference between
a reception signal and an output of said second local
oscillator; and

phase-difference setting means for setting a phase differ-

ence between a transmission signal and an output of said
first local oscillator as a first phase difference, wherein
assuming that the ratio of said first frequency and said
second frequency is 1 to m, said phase difference is a
value resulting from multiplying said second phase dif-
ference by m, or a value resulting from adding a constant
to the result of the multiplication by m.

18. A multiband transceiver including means of concur-
rently performing transmission and reception using two or
more different frequencies, the multiband transceiver charac-
terized by comprising:

a first local oscillator for generating a first frequency;

a second local oscillator for generating a second frequency;

phase-difference detection means for detecting a first

phase difference which is the phase difference between
a reception signal and an output of said second local
oscillator;

phase-difference setting means for setting a second phase

difference between a transmission signal and an output
of said first local oscillator; and

calculation means which, from a signal from the multiband

transceiver according to claim 17 as a communication
counterpart, determines a third phase difference which is
set to second frequency by the communication counter-
part and a fourth phase difference which is set to a first
frequency by the communication counterpart and which
calculates the distance to the communication counter-
part from said first phase difference or said second phase
difference.
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19. A multiband transceiver including means of concur-
rently performing transmission and reception using two or
more different frequencies, the multiband transceiver charac-
terized by comprising:

a first local oscillator for generating a first frequency;

asecond local oscillator for generating a second frequency;

first phase-difference setting means for setting a first phase
difference between a reception signal and said first fre-
quency;

second phase-difference setting means for setting a second

phase difference between a reception signal and said
second frequency; and

notification means for notifying said first phase difference

and said second phase difference to a communication
counterpart.

20. The multiband transceiver according to claim 16, char-
acterized in that

the first local oscillator and the second local oscillator

generate frequencies at which a value used as the ratio of
the first frequency and the second frequency is a rational
number excepting 1.

21. The multiband transceiver according to claim 20, char-
acterized by further comprising

signal generation means for creating two frequencies

which are in a relationship of a ratio of rational numbers
by frequency division or multiplication from the same
oscillator.

22. The multiband transceiver according to claim 20, char-
acterized in that

assuming that the ratio of two frequencies which are in a

relationship between rational numbers is 1 to m, the first
local oscillator and the second local oscillator generate
frequencies at which m is an integer or an integral frac-
tion.

23. The multiband transceiver according to claim 22, char-
acterized in that

assuming that the ratio of two frequencies which are in a

relationship between rational numbers is 1 to m, the first
local oscillator and the second local oscillator generate
frequencies at which m is an integral power of 2.

24. The multiband transceiver according to claim 20, char-
acterized in that

assuming that the ratio of two frequencies which are in a

relationship between rational numbers is 1 to m, the first
local oscillator and the second local oscillator generate
frequencies at which m is not more than 100 and not less
than Yioo.

25. The multiband transceiver according to claim 17, char-
acterized in that

assuming that the ratio of the first frequency and the second

frequency is 1 to m, when the phase-difference setting
means sets a phase difference which is a value of the
result of multiplication of the second phase difference
by m added to a constant, as a first phase difference, said
constant is adapted to be a value to correct a portion of
the phase corresponding to transmission/reception tim-
ing deviation.

26. The multiband transceiver according to claim 17, char-
acterized in that

the phase-difference setting means compares reception

power with a predetermined threshold and, only when
the reception power is larger than said threshold, sets a
phase difference, which is a value of a detected phase
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difference multiplied by m, or a value of the result of
multiplication by m added to a constant, as the phase
difference of the transmission signal.

27. The multiband transceiver according to claim 16, char-
acterized in that

when calculating distance, the calculation means calcu-

lates a distance, which is more than a half wavelength
away, by utilizing a measurement result using another
frequency or a result measured by other distance mea-
surement means such as radio wave intensity.

28. The multiband transceiver according to claim 16, char-
acterized in that

the first local oscillator and the second local oscillator

generate a frequency not more than 1 GHz.

29. The multiband transceiver according to claim 16, char-
acterized in that

the first local oscillator and the second local oscillator

generate a frequency of ISM band, such as 13.56 MHz,
27.12 MHz, and 40.68 MHz.

30. A positioning system using the multiband transceiver
according to claim 16, characterized in that

calculation means determines its own position based onthe

result of communication with three or more multiband
transceivers whose positions are known.

31. A distance calculation method for calculating a dis-
tance to a communication counterpart using a multiband
transceiver including means of concurrently performing
transmission and reception using two or more different fre-
quencies, the distance calculation method characterized by:

generating a first frequency;

generating a second frequency;

setting a first phase difference between a transmission sig-

nal and said first frequency;

detecting a second phase difference which is the phase

difference between a reception signal and said second
frequency; and

calculating a distance to a communication counterpart

from a third phase difference and a fourth phase differ-
ence which are notified by the communication counter-
part, and from said first phase difference and said second
phase difference, wherein said third phase difference is
set to the second frequency by the communication coun-
terpart, and said fourth phase difference is detected in
the first frequency by the communication counterpart.

32. A phase-difference setting method using a multiband
transceiver including means of concurrently performing
transmission and reception using two or more different fre-
quencies, the phase-difference setting method characterized
by comprising:

generating a first frequency;

generating a second frequency;

detecting a second phase difference which is the phase

difference between a reception signal and said second
frequency; and

setting a phase difference between a transmission signal

and an output of said first local oscillator as a first phase
difference, wherein assuming that the ratio of said first
frequency and said second frequency is 1 to m, said
phase difference is a value resulting from multiplying
said second phase difference by m, or a value resulting
from adding a constant to the result of the multiplication
by m.



